ABSTRACT LAPAN-TUBSAT is the first micro satellite being developed by the Indonesian engineers at Technical University of Berlin (TU-Berlin) Germany. The satellite has an ability to manipulate its attitude, hence its camera pointing off nadir. This feature could shorten the ground repeat or the time it takes to repeat the image in the same region. Traditionally this process takes about 16-26 days for sun synchronous orbit satellite. Therefore, events that could not wait for a long delay such as forest fire, flood, and landslide can be monitored on time. This paper describes insight into how the Indonesian engineer's team at the University of Berlin has implemented several approaches to meet technical requirements of LAPAN-TUBSAT specifications. The authors would also like to inspire other countries, especially the developing countries, to start their own similar program by showing them that a satellite development program could be conducted even with a small team and lower budget.
INTRODUCTION
The development of low orbit micro satellite in Indonesia is needed to perform surveillance, data collecting platforms, and remote sensing in the region. Micro satellite development has many advantages due to its high-tech based, easy technology transfer, simple-short-low cost development, and ability to carry out operational mission payload or technology demonstration. Besides, micro satellites can be launched via piggy back. Micro satellites have also many useful applications, such as for research purpose by government institutions, universities, and private sectors.
Developing micro satellites is along with the Indonesian National Institute of Aeronautics and Space (LAPAN) objectives, namely to master satellite technology and its applications, such as remote sensing and data collecting platform. LAPAN's target is to develop a video camera surveillance micro satellite (10 -100 kg) in cooperation with the Technical University Berlin (hence the name LAPAN-TUBSAT) within a period of three to five years. The project was initiated in 2003 and will be finished in 2005. At the beginning, the satellite was planned to be launched in October 2005 by Indian Polar Satellite Launch Vehicle (PSVL), however, due to schedule changes by the provider, the launch is delayed to May -June 2006.
DEVELOPMENT STRATEGY
To achieve its objective and target, LAPAN is integrating its national capabilities from related research institutions, universities, and industries in Indonesia. LAPAN is also performing cooperation with foreign partners, namely with the German Aerospace Center (DLR), the Technical University of Berlin (TU-Berlin), the Indian Space Research Organization (ISRO), and the Malaysian Astronautics Technology Sdn.
Bhd. (ATSB).
The implementation of the program is based on a design-to-cost approach. After conducting a comparison study, LAPAN appointed TU-Berlin as a partner in the development of the satellite because it meets the criteria.
CONSIDERATION
LAPAN has long experience in the operation and application of remote sensing satellite, such as SPOT, JERS, LANDSAT, and NOAA. Besides, LAPAN has also experience in developing bench and engineering models of micro satellite. Several LAPAN engineers have also training experience in satellite technology conducted in partner countries, such as Germany and India. LAPAN owns several ground station facilities in some locations in Indonesia, such us in Pare-pare (Sulawesi), Biak (Papua), Rumpin and Rancabungur (West Java).
TECHNICAL SPECIFICATIONS
LAPAN-TUBSAT is a video surveillance micro satellite developed by a relative small team of Indonesian engineers in Berlin, cooperating with the Technical University of Berlin (TU Berlin). The micro satellite has a unique mission strategy, because its attitude and camera pointing can be manipulated off-nadir and controlled interactively.
The structure of the satellite is made of Aluminum Alloy, and will be black anodized for thermal characteristic purposes. Its dimension is 450 mm in length, 450 mm in width, and 270 mm in height. Its weight is 55 kg.
As a micro satellite, LAPAN-TUBSAT has very limited power generation due to the constraint of not using a deployable solar panel system. Therefore, the satellite requires power saving mode operation using a hibernation mode, so that only a minimal number of components are operated and therefore a minimum power consumed. With this mode, only the data handling, telemetry and command unit are activated in order to keep the readiness of command receptions from the ground station.
The requirements above can be achieved using a power generator of 4 solar panels and a storage system of 5 NiH 2 batteries. Each solar panel consists of 35 cells in series and covering an area of 432 x 243 mm 2 producing a maximum power of 14 W. The battery is configured in series and provides 12.5 V with a capacity of 8 Ah.
Structurally, LAPAN-TUBSAT can be divided into two shelves. The lower shelf ( fig.1 ) contains the attitude control system, a telemetryand-telecommand (TTC) system, and a payload camera with 1000 mm lenses and S-band system. The upper shelf ( fig. 2 ) contains battery, power control, and data handling system (PCDH). It also includes another payload camera with 50 mm lenses and an air coil. Two additional air coils are placed orthogonally in both selves.
The attitude control system consists of 3 reaction wheels, 3 fiber optic laser gyros, one star sensor, 3 air coil magneto toques, and 3 GaAs solar cells. Below are their specifications:
Reaction wheel: Each wheel weights 1.2 kg and has a inertia of 8.8 10 -4 kg m 2 . It needs 12-15 VDC and a maximum current of 0.2A to operate one. It can rotate up to 5000 rpm. Two identical telemetry-and-telecommands (TTC) are used for communication. The TTC is operating at a frequency of 436,075 MHz with FFSK modulation and has a 1200 bps communication data rate and a 3.5 W hardware RF output.
The payloads of the satellite include a Sband data transmission system, high-resolution video camera, a low-resolution video camera, and a short text store and forward messaging. The specifications are stated below: S band data transmission system: The system uses a FM video modulation and working at a 2220 MHz frequency. The output is 5 W RF.
High-resolution video camera: The CCD video camera is provided with a color splitter prism to split the image into 3 CCD matrixes. This will improve picture accuracy significantly. Each CCD matrix element has an effective picture element of 752 x 582 mm. 1000 mm Cass grain lens is mounted on the camera so it could produce image with a 3.5 km swath and 5m-ground resolution from a 630 km altitude.
Low resolution video camera:
The low-resolution camera is a color CCD video camera with effective picture element of 752 x 582.20 mm lens. The hardware is mounted on the camera to produce image with 81 km swath and a ground resolution of 200 m from 630 km altitude.
Store and forward data communication:
The store and forward data communication utilize LAPAN-TUBSAT's TTC communication system as well as its OBDH flash memory. The data rate to its ground stations is limited to 1200 bps and a memory space of 512 kB. Thus data's can only be received in concise format.
The operation of two cameras, namely the wide-angle camera and the high-resolution camera would enable the users to make better selection of the object to be captured. The wideangle camera could be used to determine and select the general location of the object by watching its coastline or specific terrain. On the other hand the high-resolution camera is able to zoom into areas to get better image of the objects.
The uniqueness of LAPAN-TUBSAT lays in its ability to manipulate and control its attitude and camera pointing off-nadir interactively. Therefore, LAPAN-TUBSAT could monitor events such as forest fire, flood, landslide, volcano eruption, and ship or aircraft accidents. LAPAN-TUBSAT micro satellite will be launched by Indian PSVL as piggy back on MayJuly 2006. The rockets main payload will be the Indian cartographic satellite. As a secondary payload the launching cost will be reduced significantly. The micro satellite will reach an altitude of 630 km with a 97.9 inclination degree and a period of 99.039 minutes. The longitude shift per orbit is expected to be 24.828 degree. Its ground track velocity will be 6.744 km/s with an angular velocity of 3.635 deg/s, and a circular velocity of 7.542 km/s. LAPAN-TUBSAT will conduct 14.500 revolutions each day. 
ATTITUDE CONTROL STRATEGY
The micro satellite has an ability to manipulate its attitude, hence its camera pointing off nadir. This feature could shorten the ground repeat or the time it takes to repeat the image in the same region. Traditionally this process takes about 16-26 days for sun synchronous orbit satellite. Therefore, events that could not wait for a long delay such as forest fire, flood, landslide can be monitored on time.
LAPAN-TUBSAT attitude control strategy is based on the angular momentum management concept. The 3 reaction wheels and magnetotorques are used for attitude management. The attitude acquisition is conducted via star sensor together with solar panels as sun sensors. Fig 5 gives the illustration of the coordinate system used for attitude acquisition.
There are three main categories of attitude strategy for the LAPAN-TUBSAT imaging mission, which are the momentum-biased hibernation mode, nadir-pointing mode, and off nadir pointing mode. These are briefly described below:
Momentum-biased hibernation mode: The satellite angular momentum vector is maintained to be perpendicular to the direction of the flight. The maximum moment of inertia is designed to be very close to the Y-axis. The cross product of inertia would be minimized to keep the rotation very small when the attitude control system (damping mode) is switched off. The reaction wheel is set to absorb 90% of the angular momentum so that the satellite will rotate in the same direction as the wheel in about 80% of its performance.
Nadir Pointing Mode:
The satellite rotation in the pitch axis is terminated. Afterwards the Z-axis on the satellite (the camera side) is pointed nadir.
Off-nadir point mode:
The satellite's Z-axis is pointed off nadir, across or on the ground track. therefore, the satellite would rotate with some roll angle. The star sensor could be activated to verify whether the angular momentum has pointed to the desired vector, so that the camera would point to the designated region. 2 nd in the sequence is to terminate satellite rotation in the pitch axis. The 3-axis damping could also be activated to stabilize the satellite's pointing when the image is taken. The 3 rd in the sequence is putting the satellite back to its hibernation mode by returning the angular momentum absorption back to Y-axis by switching OFF all but the Yaxis wheel. Such maneuver makes the ground repeat become shorter than the conventional nadir-pointing satellite with the same swath capacity. Figure 7 illustrates the scenario of the satellite keep its camera pointing to a certain region during its flight. Here the satellite initial pitch and pitch rate (ω y ) is managed so that +Z axis would be pointed to the designated point. Application of such picture mode is for example recording moving object in the area or producing stereographic images. The control of the pitch rate could be done interactively since the satellite uses video camera payload.
The operation of two cameras, the wide angle camera and the high resolution camera would enable the users to make the selection of the object to be captured interactively. The wideangle camera would be used to determine and select the general location of the object by watching its coastline of specific terrain, and the high-resolution camera is used to zoom in to the area, to get better image of the boat, volcano, transportation infrastructure or any other objects.
LAPAN-TUBSAT also has a free tumbling option (deep sleep mode), in which all system is switch OFF except the OBDH and TTC (in the receiving mode). By doing so, the satellite would nutate naturally. Such mode would draw very minimal power from the satellite and the satellite still could be used for store and forward mission. Fig. 7 . Target-locking imaging 7. GROUND STATIONS LAPAN will operate two ground stations to control the LAPAN-TUBSAT satellite, namely the Rumpin ground station located in Jakarta and the Biak ground station in Papua, East of Indonesia. The ground station location is chosen in such a way so that the coverage area is large enough to cover the nation archipelago (Fig.4) . It is possible to involve other partners, such as universities or government research institutions to form a ground station network.
LAPAN-TUBSAT ground station consists of two systems: one is the S-band system to receive the video image from the camera payload, and the other is the TTC system to send command and receive telemetry from the satellite. The schematic of the ground station systems are in figure 8.a and 8.b. The TTC station consists of steer able UHF antenna, transceiver and ground station computer. The computer run two programs, one is to determine the pointing direction of the antenna and the other to generate command protocol and interpret the satellite telemetry.
The S-band station consists of steerable Sband antenna, antenna control computer, FM analog video receiver and PAL video recorder/display. An additional computer to convert analog video into digital image frame can be attached to the video recorder. Rumpin ground station has 4.5 m S-band disc (figure 8.b). LAPAN-TUBSAT micro satellite can be used for many useful applications such as disaster warning systems or environmental image coverage. One of the planned applications is to establish a volcanic eruption warning system between LAPAN and the University of Gadjah Mada (UGM), Yogyakarta Indonesia. In the scenario, UGM acts as a ground station that receives data of the Merapi volcano activity from the LAPAN-TUBSAT satellite.
Data are also collected via volcanic sensors placed near the volcanic site. The sensors are linked through radio modem to an antenna placed on the top. The data will be sent to the satellite, which sent it back to the ground station for analysis. The process is illustrated in fig. 9 . LAPAN-TUBSAT micro satellite has an ability to manipulate its attitude and could shorten the ground repeat or the time it takes to repeat image in the same region. The attitude control strategy that result in shorten image revisit time is very important and crucial for the application in equatorial countries like Indonesia, because events that could not wait for a long delay such as forest fire, flood, and landslide could be monitored on time.
From the description in this paper it is also showed that satellite development program could be conducted event with a small team and lower budged if we could integrate the existing capabilities from national related research institutions, universities and industries, and based on a design-to-cost approach through a performing cooperation with foreign partners.
